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Study Objective: The study objective was to evaluate whether the single-use fiberoptic bronchoscope
(FOB), Ambu aScope 3 Slim, was equally efficient compared with the conventional reusable FOB,
Olympus LF-GP, for nasal fiberoptic intubation in a manikin.
Design: A randomized crossed-over study.
Setting: The postanesthesia care unit of Tokyo Women's Medical University Hospital.
Subjects: Twenty anesthesiologists who have experienced N50 one-lung ventilation thoracic surgery
procedures were invited to participate in this study.
Interventions: A 6.5-mm internal diameter cuffed endotracheal tube (ET) was inserted into the manikin
under Ambu aScope 3 Slim (group A) or Olympus LF-GP (group C) guidance.
Measurements: The following time parameters from the beginning of FOB insertion through a nostril
were compared between groups: until vocal cord visualization (T1); visualization of the carina (T2); and
proper ET placement, as confirmed by the distance of the ET tip to carina (T3).
Main Results: Mean (SD) T1 in group A and group C were 20 seconds (17 seconds) and 14 seconds
(12 seconds), respectively (P= .1050). Mean (SD) T2 in group A and group Cwere 40 seconds (29 seconds)
and 25 seconds (15 seconds), respectively (P= .0287). Mean (SD) T3 in group A and group C were
70 seconds (33 seconds) and 50 seconds (22 seconds), respectively (P= .0098). One case in group A had
failed intubation
Conclusions: The Ambu aScope 3 Slim required more time to intubate than the conventional reusable FOB.
It requires more rigidity, similar to the conventional FOB for management of the difficult airway.
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In the practice guidelines for management of the difficult
airway, tracheal intubation via flexible fiberoptic bronchoscopeis an open access article under the CC BY-NC-ND license
69Single-use fiberscope for nasotracheal intubation(FOB) is one of the recommended strategies, with a reported
success rate of 87% to 100% [1]. FOB is the only flexible
device available for tracheal intubation of both predicted and
unpredicted difficult airway. However, for successful intuba-
tion, anesthesiologists have to acquire proficiency in operating
FOB, particularly in locating the glottis, through which the
endotracheal tube (ET) is inserted to reach the trachea.
There have been reports comparing single-use FOB and
reusable FOB for tracheal intubation in a manikin and clinical
practice; however, their evaluation is not uniform [2-5].
Recently, Ambu aScope 3 Slim (Ambu Corp, Ballerup,
Denmark), a new type of single-use FOB,was released, andwe
have been using it for managing 1-lung ventilation during
thoracic surgery procedures. It is useful for confirming the
position of double-lumen tubes or bronchial blockers and
aspirates secretion during anesthesia management of thoracic
surgeries. Ambu aView (Ambu Corp), a reusable LED
monitor, can easily supply the light source of 3 Slim and
capture photos and animations; this system is compact enough
to fit into a small space designated for an anesthesiologist.
We aimed to evaluate whether the 3 Slim was equally
efficient compared with the reusable conventional FOB,
Olympus LF-GP (Olympus Corp, Tokyo, Japan), for nasal
fiberoptic intubation in a manikin.ig. 2 New single-use flexible fiberscope and a reusable
ED monitor.2. Materials and methods
This study did not require approval by the ethics of
committee of Tokyo Women's Medical University. Twenty
anesthesiologists, who have experienced N50 one-lung
ventilation thoracic surgery procedures and who have used
the 3 Slim, were invited to participate in this randomized
crossed-over study.
A lubricated 6.5-mm internal diameter cuffed ET
(TaperGuard Tracheal Tube; Coviden Japan, Co, Ltd, Tokyo,
Japan) was inserted into the manikin (M167 Sakamoto Airway
Management Trainer; Sakamoto Model Corp, Kyoto, Japan)
via nasal route through the trachea at a level of 26 cm, using the
3 Slim (group A) or the LF-GP (group C), with the head of the
manikin fixed by tape to maintain a Cormack classificationFig. 1 Manikin (left) used in the study. Head position was fixed by taF
Lgrade 3 position (Fig. 1). This ET size was chosen because of
the narrow nostril of the manikin. The 3 Slim was connected to
a reusable LED monitor, Ambu aView (Fig. 2), whereas the
Olympus LF-GP was connected a light source (Olympus
CLV-U20D EVIS Universal Light Source; Olympus Corp),
processor (Olympus Digital Signal Processing OTV-SC;
Olympus Corp), and color video monitor (Trinitron Color
Video Monitor PVM-14N6J; Sony Corp, Tokyo, Japan). The
specifications of 3 Slim and LF-GP are summarized in Table 1.
Both attempts of tracheal intubation, using the single-use
and the reusable FOBs, were performed through the samepe to maintain a Cormack classification maintained grade 3 (right).
Table 1 Specifications of FOBs.
Specifications Single-use
FOB
Reusable
FOB
Maximum diameter of insertion tube 4.3 mm 4.1 mm
Maximum distal bending of angle
(flexion/extension)
130°/130° 120°/120°
Field of view 85° 90°
Depth of field 8-19 mm 4-50 mm
Size of inserting ET
Single-lumen tubes ID ≥5 mm ID ≥5 mm
Double-lumen tubes ≥37F ≥37F
Suction port Attached Attached
ID = inner diameter.
Table 2 Mean (SD) time required for nasal FOB insertion to T1
andT2, until T3by the anesthesiologists in groupsAandC (n=20).
Group A Group C P
T1 (s) 20 (17) 14 (12) .1050
T2 (s) 40 (29) 25 (15) .0287
T3 (s) 70 (33) 50 (22) .0098
Values are expressed as mean (SD).
70 T. Fukada et al.nostril of the anesthesiologist's choice. The following time
parameters from the beginning of FOB insertion through a nostril
were compared between groups: until vocal cord visualization
(T1); visualization of the carina (T2); and proper ETplacement, as
confirmed by distance of ET tip to the carina (T3). The FOB
views that signify the end of T1 and T2 were shown in Figure 3.
Although the 3 Slimwas a single-use device, it was used twice in
this study. Sample size calculation yielded a required sample size
of 17 per group to detect statistically significant group differences.
According to a study using a manikin [3], for 3 Slim, differences
in intubation times are expected, with an expected SD of 30
seconds, desired power of 0.8, and a P value of .05.3. Results
In group A, no significant difference was observed in time
intervals to T1, T2, and T3 between first trial and second trial
of 3 Slim despite single use. The mean (SD) time parameter of
both groups as well as T1, T2, and T3 of each anesthesiologist
are shown (Table 2 and Fig. 4). Comparedwith groupC, groupFig. 3 Endoscopic views that signify the end of TAshowed significantly longmean (SD) T2 and T3. In groupA,
although most anesthesiologists rotated the tube anticlockwise
when not yet inserted to the trachea, the procedure required
N120 seconds in 3 cases, and in 1 case, intubation was
unsuccessful. Although he inserted FOB to the carina, he
abandoned intubation. In group C, there was no failed
intubation or cases inwhich intubation requiredN120 seconds.4. Discussion
According to the American Society of Anesthesiologists
practice guidelines for the management of the difficult
airway, flexible fiberoptic intubation is a reliable approach
[1]. However, there are 2 major difficulties with this
technique: finding the location of the glottis and inserting
an ET with FOB into the trachea.
Reusable FOB is the ultimate and most reliable
equipment. However, we should pay attention to possible
contamination of reusable FOBs. Outbreaks of bacterial
infection associated with contamination of FOBs in the
operating room were reported [6-8]. Among patients who
underwent thoracic surgeries that used 1-lung ventilation,
Pseudomonas aeruginosa was isolated from the sputum,
probably from contamination of FOBs and the automated
endoscope reprocessor [7]. Reusable FOBs require compli-
cated and troublesome cleaning and disinfection processes1 (vocal cords) and T2 (carina) measurements.
Fig. 4 Comparison between sequential time intervals from nasal ET tube insertion to T1, T2, and T3 by each anesthesiologist in groups A
and C. T2 and T3 in group A were greater than T2 and T3 in group C (P= .0287 and P= .0098), respectively.
71Single-use fiberscope for nasotracheal intubationthat should follow the manufacturer's instructions, either using
an automated endoscope reprocessor or manually in a basin
[7]. Therefore, to prevent infectious outbreaks from repeated
FOB use in 1 day, it is necessary to provide cleaning and
disinfecting tools in the operating rooms.
Comparison of T3 between the 2 groups showed that the
single-use FOB, 3 Slim, required longer time than the
conventional reusable FOB, LF-GP. Although the bending
angles of the 2 devices are similar in manufacturer's
instruction, actual maximum bending angle of 3 Slim was
stronger than that of LF-GP (Fig. 5). Fiber flexibility,
particularly at the tip, which is 3 Slim's strong bending
angle, and shorter depth of field beyond anesthesiologists'
image were the likely causes of difficult intubation. The reasonFig. 5 Maximum tip bending angle of the singleof no difference in T1 between the 2 groups was the structure
of the manikin's nasal cavity which served as a conduit.
Anesthesiologists could find the vocal cord as soon as FOB
passed the nasal cavity of manikin.
After vocal cord visualization, the insertion of the 3 Slim
into the trachea was occasionally obstructed at the vocal cord
because of its strong bending angle, and using 3 Slim spent
more time to visualize trachea than using LF-GP (Fig. 6a).
The length of this manikin's trachea is approximately 8 cm.
Therefore, different from clinical situation, anesthesiologists
did not need to insert 3 Slim into the trachea of manikin
deeply to visualize the trachea. In this situation, the force of
insertion of ET and anticlockwise rotation of ET made 3 Slim
bend and obstruct the insertion of ET itself (Fig. 6b). In-use FOB (left) and the reusable FOB (right).
Fig. 6 Causes of difficult insertion of ET through the single-use FOB. a, Obstruction of FOB at the vocal cord. b, ET colliding with the
arytenoid cartilago. (These photos were taken using airway demonstration model by Laerdal Medical.).
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necessary to insert 3 Slim deeply beyond the flexible part.
Therefore, when ET was obstructed at vocal cord, anesthe-
siologists could insert ET into trachea in the anticlockwise
rotation without disturbing 3 Slim itself. Similarly, the other
single-use FOBs, the Ambu aScope and the Ambu aScope 2
were evaluated [2-5]. These FOBs' specifications are as
follows: maximum diameter of ≥5.3 mm, the tip could bend
at 120° ± 10° in each direction, and field of view was 80°.
They were acceptable alternative to the reusable FOBs,
although intubation time using single-use FOBs was longer
than reusable FOBs in manikin or in patients with cervical
spine immobilization, and their quality was less than reusable
FOBs. The larger maximum outer diameter, which increases
rigidity and decreases the gap between the outer diameter of
FOB and the inner diameter of ET, might conclude that the
Ambu aScope and the Ambu aScope 2 can facilitate tracheal
intubation in both manikins and patients.
For management of 1-lung ventilation during thoracic
surgery, anesthesiologists confirmed the position of a
bronchial cuff or a blocker and aspirated secretion by insertion
or ejection of 3 Slim through the ET; 3 Slim was moved in a
conduit, and strong bending angle of 3 Slim did not effect its
operation. In contrast, for nasal fiberoptic intubation, the
specification of FOB affects the anesthesiologists' procedure;
anesthesiologists found the vocal cord, inserted 3 Slim into
trachea, and inserted ET via 3 Slim; the conduit was only the
nasal cavity, and a strong bending angle and shorter depth of
field of 3 Slim beyond anesthesiologists' image affected its
operation. Moreover, a gap of the outer diameter of 3 Slim and
inner diameter of ET was the cause of obstruction of ET at the
vocal cord.
This study has several limitations. First, we used a manikin,
which does not resemble an actual clinical settingwith blood or
secretions in the airway; therefore, intubation was relatively
easier. Second, anesthesiologists were more familiar with thereusable FOB than the single-use FOB, although they had
practical experience with the single-use FOB.
The 3 Slim had great advantages of no maintenance and no
requirement for cleaning and disinfection. However, for it to be
useful for the management of the difficult airway, improve-
ments in rigidity are required to facilitate and confirm proper
ET placement in the trachea. Furthermore, anesthesiologists
should get accustomed to its features and control.Acknowledgments
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